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CLINICAL STUDIES
Detection of Restenosis After Successful Coronary Angioplasty :
Improved Clinical Decision Making With Use of a Logistic Model
Combining Procedural and Follow-Up Variables
JEAN :RENKIN, MD, JACQUES MELIN, MD, ANNIE ROBERT, MS,
FABIENNE RICHELLE, MD. JEAN-LOUIS BACHY . M D . PHD, JACQUES COL, MD,
JEAN-MARIE R. DETRY, MD, FACC. WILLIAM WIJNS . M D
Brussels, Belgium
A prospective study of Ill patients who underwent repeat
coronary angiography and exercise thallium-201 scintigra-
phy 6 ± 2 months miler complete revasculariration by
percumneous translundnal coronary angioplasty was per-
formed to assess whether clinical, procedure-related and
postangioplasty exercise variables yield independent infor-
mation for the prediction of angiographic restenosis after
angioplasty. Complete revascularization was defined as
successful angioplasty of one or more vessels that mulled
in no residual coronary lesion with >50% diameter steno-
sic . Restenosis was defined as a residual stenosis at the time
of repeat angiography, of >50% of luminal diameter .
Restenmis occurred In 40% of the patients.
The 111 patients were randomly subdivided into a
learning group (a = 84) and a testing group in = 27). A
logistic discriminant analysis was performed in the learning
group and the logistic model was used to estimate a logistic
probability of restenosis . This probability of restenosis was
validated In the testing group . In the learning group of 84
patients univariale analysis of 39 factors revealed 8 factors
related to restenosis: recurrence of angina (p < 0 .0001),
postaagioplasty
,
abnormal finding on exercise thallium-201
scintigram (p < 0 .0001), exercise thallium-201 milligram
score (p < 0 .0001), difference between exercise and rest ST
segment depression (p < 0 .001), postangioplasty exercise
ST segment depression (p < 0.001), absolute postangio-
Despite continuing improvement in the primary success rate,
restenosis afrr successful percutaneous transluminal coro-
nary balloon Ingioplasty occurs in 25% to 35% of patients
From the Di, i,isas of Intensive Care and Cardiology and the Center of
NnelearMedicin . University ofLouvoinMedical School, Brussels .Belgium
.
Manuscript rr . :eival September 25. 1999 : revised manuscript received
March 14 . 1990 . a .ceatcd June I . 1990 .
Address for t'odnts
:
Jean Renkin. MD. Avenue Hippo, rate ID-UCL
2701, B-IZao urn vets. Belgium .
01990 by the American College or Cardiology
p
asty stenosis diameter (p < 0 .003), postangioplosty exer-
cise work load (p < 0 .03) and posmngioplasty exercise
heart rate III, < 0 .05) .
Multivariate analysis revealed four factors indepen-
dently related to increased risk of restenosis in the following
order of importance: recurrence of angina (p < 0 .0001),
abnormal finding on exercise thallium-201 scintigram (p <
0.001), absolute postangioplasly stenosis diameter (p <
0.002) and exercise ST segment depression (p < 0.01) . With
use of a logistic model these predictors of restenosis were
weighed into a restermsis probability score (high, interme-
diate and low risk) that was validated in the testing group .
The predictive value for restenosis In the high risk group
(probability >80%) was 100% and the predictive value for
no restenosis in the low risk group (probability <20%) was
94% .
It is concluded that a diagnostic strategy with probabil
ity analysis that Includes simple procedure-related and
exercise testing variables during follow-up provides a useful
clinical tool for detecting patients at high risk for restenosis
who may require repeat coronary angiography and angie
plasty . This risk stratification proved superior to the usual
clinical practice of performing repeat catheterization only
in patients with recurrent angina or ST changes during
exercise testing, or both .
(J Am Coll Cardiol; 1990:1333-40)
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within the first 6 months after the procedure
(1-3) . Although
coronary restenosis is a complex multifacterial process
(4,5),
certain clinical and angiographic variables available at the
time of the procedure have been shown to be associated with
recurrence of stenosis lesions (1-3,6,7) .
On the other hand,
exercise electrocardiography in combination with thallium
scintigraphy or Cidionuclide angiogmphy has been shown to
have a high predictive value for the appearance of restenosis
when performed during follow-up at various time intervals
e735-107t9as3.50
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after angioplasty (8-16).
Thus, the large number of studies
reported to date can be divided into two groups . The first
group includes studies that examine the risk for late recur-
rence associated with several variables available immedi-
ately before, during or after angioplasty. The second group
includes studies that examine the ability of different provoc-
ative tests performed during follow-up to discriminate be-
tween patients with or without restenosis
. Both approaches
have the following limitations
: I) Most studies are biased by
the lack of sysacmatic repeat angiography in a large propor-
tion of consecutive patients who have undergone successful
angioplasty. 2) The predictive accuracy is limited in individ-
ual patients and its impact on patient management has not
been prospectively evaluated.
Thus, the goal of our study was to incorporate all avail-
able data in a stepwise logistic regression analysis and
specifically address the following questions : 1) Can this
approach in which procedural and follow-up variables are
combined be more accurate in detecting patients with re-
stenosis than previous approaches in which each group of
variables was evaluated separately? 2) Accordingly . do
procedural variables retain their predictive power? If so,
they would convey independent information that is not
available from follow-up variables. 3) Can this logistic re-
gression analysis be used in individual patients to decide
whether or not repeat angiography (followed by repeat
angioplasty) should be performed?
Methods
Study patients. Between May 1984 and August 1986, an
elective first coronary angioplasty was attempted in 345
consecutive patients at our institution. The procedure was
successful in 312 patients (90%).
Thirty-four of these pa-
dents were not included in this study because they under-
went angioplasty on saphenous vein grafts or during the
acute phase of myocardial infarction (<48 h after admis-
sion). Of the remaining 278 patients. 223 (80%; 198 men and
25 women, 108 with single vessel disease
; 294 stenotic
segments) had repeat angiography at 6 months (83%) or
earlier (17%) when clinically indicated. Of 55 patients who
did not undergo repeat angiography, 48 were symptom-free
and refused catheterization, 2 died (one of cardiac causes)
and 5 were lost to follow-up.
In 131 (59%) of
these 223 patients, coronary angioplasty
achieved complete revascularization and exercise thallium-
201 scintigraphy was performed during the same time period
as the repeat angiography in I I I patients (85%)
. The present
study is based on these Ill patients (102 men and 9 women
;
mean age 55 ± 8 years
; 144 stenotic segments) who under-
went both repeat angiography and exercise thallium-201
scintigraphy within 6 months after successful angioplasty .
Baseline angina status, the number of diseased vessels at
angiography and the location of the dilated coronary seg-
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ments were similar in the study group In = I Ill) compared
with the total group (n = 223) . Among the 20 excluded
patients, exercise testing was not performed because of
unstable angina with restenosis in 16 and orthopedic or
logistic reasons in the remaining 4 .
Fnr the purpose of the statistical analysis, the III patients
(91 with single vessel disease) were randomly separated into
two groups : a training sample of 84 patients (69 with single
vessel disease) for developing a multivariate analysis and a
validation sample of 27 patients (26 men and I woman) for
evaluating a logistic probability of restenosis derived from
the multivariate analysis
.
Coronary angiography and angioplasty procedure . Stan-
dard coronary angiography in multiple views was performed
before and after angioplasty. Collateral flow to the angio-
plasty vessel was graded according to the method of Rentrop
et al. (17) . The angioplasty procedure was considered sue-
cessful in the presence of a reduction in stenosis diameter
>20% in addition to a residual stenosis <50% . Coronary
dissection on the postangioplasty angiogram was defined as
the presence of significant endoluminal filling defects or
extraluminal contrast staining, or both, by two observers .
Complete revascularization was defined as successful angie-
plasty of one or more vessels that resulted in no residual
lesion with >50% diameter stenosis. Angioplasty was per-
formed by the percutaneous femoral approach using Gru-
entzig's technique (I8). During angioplasty a bolus intrave-
nous injection of heparin (10,000 IU) was given at the
beginning of the procedure . A bolus was repeated thereafter
at a rate of 5,000 U130 min until the end of the procedure and
infused at a rate of 1,000 Ulh during the next 12 h . Routine
discharge medications included dipyridamole, aspirin and a
calcium channel antagonist .
Quantitative analysis of coronary segments . The absolute
luminal diameters of the stenosis and of its nearest proximal
and distal normal coronary segments were measured before
and after angioplasty . The coronary contours were drawn on
a magnified (x4) end-diastolic tine frame (35 mm) in at least
two orthogonal projections .
Measurements at the nearest 0
.1 mm were performed by
the same observer with a caliper and the catheter as a scaling
device. The coronary stenosis diameter obtained in each
projection was averaged . The mean value proximal and
distal to the stenosis was taken as the normal reference in
each projection and these values were averaged in all pro-
jections.
This manual procedure was compared with a computer-
ized procedure using the Coronary Angiogmphy Analysis
System (19) in 132 stenotic and nonstenotic coronary seg-
ments. Figure I illustrates the correlation between the two
procedures (computerized = 0.7 manual + 0.77 mm ; r =
0.90: p < 0
.001) . This correlation is close to identity for
coronary diameters ranging between 2 .0 and 3
.5 mm, values
that are usually obtained after angioplasty .
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Figure 1. Correlation between a manual and a computerized tech-
nique for quantitative measurements of coronary segments .
Follow-up. In the absence of recurrent symptoms, pa-
tients had their final evaluation 6 ± I months after angio-
plasty . In patients who had recurrent angina within the first
5 months, an exercise stress test and repeat angiography
were performed earlier. Repeat angiograms were evaluate
by two observers unaware of the exercise test results, and
restenosis was defined as a residual stenosis >50% of
luminal diameter at the previously dilated site .
Exercise Imtiog, The patients were studied by exercise
thallium-20t scintigraphy within I week before the repeat
angiography . The exercise test was performed on a bicycle
ergometer with an initial work load of 20 W for I min and the
exercise intensity was subsequently increased by 20 W every
minute until each patient experienced typical angina) pain or
until subjective exhaustion. Three orthogonal electrocardio-
graphic (FCG) leads (X, Y and Z of the Frank system) were
constantly monitored . A 20 s ECG sample was recorded on
a digital magnetic tape at the end of every minute at rest,
during exercise and during the 5 min of the recovery . These
digitized ECG samples were later averaged and analyzed by
computer. The amount of ST segment depression at rest and
during maximal exercise was measured 60 ms after the end
of the QRS complex with the PR interval (30 to 10 ms before
QRS onset) as a reference level (20,21)
.
During the same testing session in which the exercise
ECG was obtained, thallium-201(1 .5 to 2 mCi intravenously)
was given I min before maximal exercise
. Each patient
underwent imaging, 5 in 10 min after injection of thallium-
201 and 4 h later, under an Apex 215 M Elscint camera .
Images were obtained in the anterior and 43° and 65° left
anterior oblique positions . Matching views from exercise
and redistribution studies were displayed as pairs and inter-
preted by two observers without knowledge of the clinical
ECG or angiographic findings . Each image was divided into
RENKIN ET AL
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5 equal segments for a total of 15 segments per study .
Activity in each segment was graded as 0 = normal, I =
possibly reduced . 2 = reduced and 3 = absent . The maximal
defect score of 45 originates from 15 segments times a
maximal score of 3 (20,21) .
Statistical analysis . All variables analyzed as possible risk
factors for restenosis are listed in Table 1 . A chi-square test
was used to assess differences in categoric variables . A
one-way analysis of variance was used to assess differences
in continuous variables between patients with restenosis and
patients with continued success . All tests were two-sided
and a p value <0 .05 was considered to be statistically
significant . All variables were included in a multivariate
analysis performed with a stepwise logistic regression
model . Based on the results of the multivariate analysis in a
learning group of 84 patients, an equation was developed
that provided maximal power in classifying the chance of
restenosis.
For statistical reasons in patients with multilesion dilation
only one coronary segment was included in the statistical
analysis. Among patients with multilesion angioplasty and
restenosis ( n - 0) only one patient had restenosis of the two
dilated segments.
Three
arbitrary risk categories were defined: high risk
(probability of restenosis >80% or >70%), moderate risk
(probability of restenosis between 20% and 80% or between
30% and 70%) and low risk (probability of restenosis <20%
or <30%) . These risk categories were tested in an indepen-
dent validation sample of 27 patients randomly selected
among the initial group of I I I patients. Statistical analysis
was performed using BMDP statistical software (University
of California Press) .
Results
Incidence of restenosis (Table 1). Among the group of 84
patients, restenosis occurred in 26 (31%). Sixteen patients
(19%) had a prior myocardial infarction and 38 (45%) had
unstable angina . Coronary angiogmphy showed one vessel
disease in 69 patients (82%), and two vessel disease in 15
(18%) .
One stenotic segment was dilated in 63 patient
•, (75%),
two segments were dilated in 18 (21%) and three segments in
3 (4%). The severity of the stenosis before angioplasty was
82 ± 11% and the degree of residual stenosis after angio-
plasty was 17 ± 10% with an improvement in the luminal
diameter of the stenosis of 65 ± 11% . Repeat angiography
was performed at 6 months in 78 patients (93%) and earlier
because of suspected recurrent ischemia in 6 patients
(7%) .
Restenosis was documented angiographically at 3 months
after angioplasty in two patients and between 4 and S months
in three patients . The clinical, angiographic and exercise
testing data of each group of patients with and without
restenosis are listed in Table 1 .
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Table 1 . Variables `r. Unlyariate Analysis of Restenosis After Coronary
.Angioplasty
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0, = oxygen ; TI - thallium ; data are meant SEM
.
Reslenosis
In=261
NsR"0.-Is
15=51)
Pre01giopla ty clinical (n = 10)
Weigh, (kg)
76 . t 71 '_ I
Height (cm)
177 + 2 173 S 1
Age (7 r)
55 T_ t 54 0 1
Ceoder(male) 25 MA) 51 (80%)
Smoking 1 (4%
) 2 (3VA)
Diabetes
010%)
00%)
Cholesterol >250 mgld! 13 (505A ) 33 (57%)
0leslab!e angina 12(4631 1 76(457.)
History of prior myocardial infarction 4 (1500) 12 (21%)
Thromb%ysis during myocardial infarrlion I (4%) 8[14%)
Anglographieln - 8)
Cerenx5 snods >%
I eel 19 (33001
S0 (8655)
2 vessels 7(27%1 3(14%)
Number of dilated segments
I 10 01
45 (74000)
2
8 (3145!
1007%)
3 0 3 (5%)
Vesse) dilated at angioplasty
Leo
-,do, descending II (63%)
32 (55%)
W, circumflex 4(1-5%) 1201%)
Right 00100203 aHey 5 (2M 14(24%)
Mean % slenesis
5eloleangi,pHsty 84t I 01 0 2
After zmdoplaslr IRA 2 16 a 1
Absolme slenosis dia0etar (rum)
801010 anglopluty 0.4 0 0.0 0.5 ± 0.0
After an(ioplesly 2.1 0 0.1 Ip < 5700)) 2.4 0 0.0
Presence of collateral scowls 7127%) 7 (12%)
Left venldculm je=Gon &edipo (%1 65 , 2 64 t I
Procedural (n = 7)
Transstenotiegladi5% Imm Hg)
Ddora angioplasty 57 t 5 56 t 4
After angiopla ty 19 7 3 I I '- I
largest balloon used (mm) 3,2 t D l 3.3 t 0 .1
Reno of inllled ballooNnopdiseased artery dismolor 1,2 -_ 0,0 1,2 t 0 .0
Osoalion ofpraccdarc (min) 160 9 120 _ 7
Dumtian ofin)sliorts with largess balloon (s) 272 : 14 296 2 16
Presence of corenaey dissection 10(38%) 18(31%)
Posmngioplasly 01100 l (n = 3)
Rceorreocc of enginel 15090000 13(50%) (p < 0 .401) 3 (5461
Time between angioplasty and repeat angiagrapby (days) 176 t 10 IF < 0.41) 2(4 r 1)
Myacardixliofarcuon 0 0
Poslengioplasty exercise test (n = I])
555(300 during ...he lost 6 (25%) 519%)
Marinas work load (00)
162 '- 7 (p < 0.03) 132 t 5
Rest bean rate (beals/min) 75 t 3 75 t 2
Exercoc dean sale (healymial
118 t 4 (p < 4.01) 148 S 1
Difference between exercise and rest heap rate (beatslmim 63 t 4 73 t 2
Exercise ST segmem depression (mm) I.1 > 0
.2 (p < 0
.0011 0.5 t 0 1
l2i0hrenss between exercise and rest ST segment depression
1
.1 t 0.1 (p a 0
.001)
0.6 . 571
Maximal Dt cansump0an (%) 07 t 4 90 x 2
Exesim T1-201 s,inligmm score 3.) *- 0 .7 (p < 0 .001) 1.1 i 0.3
Diferexe between exercise and redistdbotims TI-201 sointigram score 3.6 S 0 .7 (p < 0 .001) 0.3 2 0.2
Abnormal exercise TI-201 sointigram (score >0) 19 (73501 (p < 0 .001) 14124%)
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Table 2 . Stepwise Logistic Discriminant Analysis of Risk
Factors That Predict Restenosis After Successful Angioplasty
in 84 Patients
Chi-square
Value
Recurrence
of angina 212
P < 0.0001
Abnormal exercise TI :e1 scinligmm
I0 .3 p < 0.001
Absolute poslangioplasty s1envsis
9 .3 p < 0 .112
diameter Imm)
Ease ST seasons depmssion term)
	
6.8 p < 6 .01
	lmpmvement in chi-squaw vutue based oo log likelihood ratio. TI =
thallium.
Factors influencing restenosis (Table 1) . The rate of re-
stenosis was significantly related to 8 of the 39 analyzed
variables . Restenosis was more frequent in patients with
than without recurrent angina after angioplasty (50% versus
5% ; p < 0 .0001) and an abnormal result (thallium-201 score
>0) on exercise scintigraphy (73% versus 24% ; p < 0.0001) .
Significant exercise ST segment depression was also related
to a higher.catcnosis rate (1 .1 ± 0 .2 versus 0.5 t O. l ; mean
± SEM ; p < 0.001) . The only significant angiographic and
procedural factor was the absolute stenosis diameter deter-
mined immediately after angioplasty. The mean residual
diameter after angioplasty was 2
.1 mm in patients with
restenosis as compared with 2 .4 mm in patients without
restenosis (p < 0 .003).
Multivariate analysis (Table 2)
. Stepwise logistic regres-
sion analysis selected the following factors as independent
predictors of restenosis after angioplasty: recurrence of
angina, abnormal result on exercise scintigraphy, absolute
postangioplasty stenosis diameter and exercise ST segment
depression. Of these four factors, the recurrence of angina
was the most significant .
Logistic probability of restonosis (Table 3)
. The estimated
logistic probability of restenosis was used to classify patients
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into probability subgroups as follows: low, moderate and
high risk with cutoff points of 20% and 80% and of 30% and
70%
. The results of the classification are shown for the
[earning group and for the testing group of 27 patients in
Table 3 . No patients of the high risk group had a normal
coronary angiogram at repeat angiography. Three patients
(one in the learning group and two in the testing group) of the
low risk group had restenosis at repeat angiography . These
three patients had a >50% lesion of the left anterior descend-
1ng artery without symptoms or abnormal maximal exercise
test results. Of these three patients, two had <70% residual
stenosis and one had 85% stenosis . The predictive value for
restenosis was better with the cutoff point of >80% (20 of 20;
I0l%) as compared with the cutoffpoint of >70% (25 of 27 ;
93%). Also, the predictive value for no restenosis was better
with the probability of <20% (47 of 50 ; 94%) than with the
probability of <30%
(51 of 58 = 68%)
.
The probability of restenosis (%) _ (II(I + e°(] x 100,
where e = 2 .71828 and y = [(-0.725) x angina] + [(-1 .595)
x exercise thallium-201 scinligmm] + [(2.973) x stenosis
diameter] - ((1 .271) x ST segment depression] - 5
.265 .
Angina = - I for no angina and + I for angina ; thallium-201
scintigram = -I for normal and +I for abnormal finding ;
and stenosis diameter and ST segment depression = abso-
lute values expressed in mm .
Comparison of the model with clinical practice (Table 4) .
In usual clinical practice repeat catheterization after suc-
cessful angioplasty is performed only in patients with recur-
rent angina or inducible ischemic ST changes during exercise
testing, or both. Table 4 shows the comparative predictive
values of the logistic model and of these two clinical varia-
bles for the whole group of Ill patients
. The predictive
accuracy of the model is clearly superior in both high and
low risk patients . Among the 80 patients with concordant
clinical tests, 14 (18%) were not correctly classified as
opposed to only 3 (4%) of 70 patients assigned to the low or
Table S
. Probability of Restenosis Based on the Multivariate Logistic Model : Validation in a
Testing Group or 27 Patients
Predictive valve for no restenosis (Probability <3530): 51 of 53 = 88%
Learning Group
1n = 84)
Testing Group
In = 27)
Probability Restencsis
No
Restenosis Restenosis
No
Restenosis
High risk >g0% 11
0 9 0
Moderate risk 20-tOnii 14 17
7 3
Low risk <20%
I
41
2 6
High risk
Predictive value far restenosis (Probability >so-) : 20 of 2D = lures
0
Predictive value for no reetenosis (Probability C01/o:47 or 5o = 944s
>7&S 13 2 12
Moderate risk 30-10%
8 I I 4 3
Law dsk
<75 5 45 2 6
Pmdictive value for restenosis )Probability
>70A).
23 of 27 = 93%
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high risk category . However, a substantial number of pa-
tients are still difficult to classify, both with the use of clinical
variables (23% of all patients with nonconcordant tests) and
with the use of the logistic model (37% with intermediate
risk). In a large majority of these patients the presence of
angina indicates restenosis . In the absence of angina the
predictive values for the absence of restenosis are equally
poor : 61% for clinical variables and 57% for the model .
Discussion
Percutaneous transluminal coronary angioplasty
is now
widely accepted ns an effective nonsurgical technique to
achieve coronary revascularization . Experience and techni-
cal progress have resulted
in significant improvement in
primary success and decreased complication rate, allowing
its application to larger clinical situations including multives-
set disease (22,23) and acute myocardial infarction (24,25) .
Despite this progress and the increasing number of patients
treated in the last 10 years (26), there has been no significant
improvement in the restenosis rate, which remains between
25% and 35% in most published series
. Restenosis repre-
sents a significant problem and is one of the principal
limitations of angioplasty as the first choice treatment of
arteric sclerotic coronary artery disease . Although a number
of preventive interventions have been evaluated (4.5,27-29),
none appear to have effectively reduced the restenosis rate
.
Therefore, the initial large benefit of the procedure is
diminished by the need for subsequent evaluation of re-
stenosis and the need for repeated angiography, followed by
a second and sometimes a third angioplasty procedure in
case of restenosis . Identification of patients in whom re-
stenosis is evolving has important clinical (diagnostic and
therapeutic) and socioeconomic implications if one consid-
ers that >300,000 angioplasty procedures will be performed
each year in the United States and Europe
.
Major findings of the study. These are 1) the use of a
combination of procedural and follow-up exercise variables
in a probabilistic mode is a very accurate diagnostic strategy
for detecting restenosis after complete revascularization
obtained by successful angioplasty
. 2) Only one procedural
variable maintains its predictive value during follow-up and
provides independent diagnostic information, that is, the
absolute postangioplasty stenosis diameter in millimeters . 3)
JACC Val . 16. No. 6
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This probability analysis allows one to correctly identify
patients at high risk (>80%) and patients at low risk (<20%)
of restenosis .
Procedural variables. Several studies have examined and
evaluated the influence of clinical, anatomic and procedural
variables on the incidence of restenosis after successful
angioplasty . Only two multivariate analyses of >25 variables
were published . l.eimgruber et al . (1) reported five factors
independently related to increased risk of >50% diameter
restenosis in patients with one vessel disease (but with only
57% of patients with angiographic control) in the following
order of importance : angioplasty of the left anterior descend-
ing coronary artery, absence of initimal dissection, final
transstenotic gradient >15 mm Hg, a large residual stenosis
percentage after angioplasty and unstable angina
. In our
study among the procedural variables a good quality post-
angioplasty transstenotic pressure gradient was available in
only 38 patients (34%). Therefore, the predictive value of
this variable cannot be evaluated in our study . Val et al. (3)
reported four factors for increased risk of restenosis in a
group of patients with mostly single vessel disease (86%) and
98% repeat angiography during follow-up : a large residual
stenosis percentage after angioplasty, documented variant
angina, low improvement in percent diameter stenosis and
multivessel coronary disease
.
Renkin et al . (30) also reported, in order of importance,
three factors independently related to increased risk of
>50% restenosis in a group of patients with 80% repeat
angiography (223 of 278) : a small absolute diameter stenosis
after angioplasty, male gender and angioplasty of the left
anterior descending artery . Despite qualitative and quantita-
tive differences among these studies with respect to inclu-
sion criteria, analyzed variables and number of patients with
angiographic follow-up, they suggest concordantly that an
optimal immediate angiographic and hemodynamic result
decreases the restenosis rate .
Follow-up variables . Other studies evaluated the diagnos-
tic value of noninvasive provocative tests performed during
follow-up to predict the occurrence of or to detect angio-
graphic restenosis . They include exercise electrocardio-
graphy, thallium-201 scintigraphy and radionuclide left ven-
triculography, which have been previously documented to
be useful in evaluating the success of myocardial revascu-
larization by comparing pre- and post-procedure results.
Clinical Variables Logistic Model
Concordant Tests Nonconeordanl Tests Imennediate Risk
+ Angina No Angina High Risk Low Risk Angina No Angina
Cerreclly classified 13115 53165 12113 11115 20120 47150 Sill 17130
Predictive value 87% 82% 92% 61% 100% 94% 73% 57%
JACC Vol. 16. No. 6
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Follow-up predictive tests are performed usually within 3
months after angioplasty irn asymptomalic p atients . in an
attempt to identify early those patients in whom sympto-
matic restenosis will evolve as proved by angiography
performed later . Manyari et al . (10) and DePuey et al . (14)
reported that very early exercise thallium-201 imaging per-
formed I to 2 days after the procedure does not correlate
with the immediate angiographic and hemodynamic result of
successful angioplasty or with the later restenosis probabil-
ity. Stuckey et al. (15) reported that stress thallium scintig-
raphy performed 2 weeks after dilation appears more pre-
dictive and that thallium-201 redistribution is the only
significant independent predictor of recurrent angina at that
time with a specificity of 91% but a low sensitivity of 394 .
However, as reported by Wijns et al
. (9) and Breisblatt et al .
(13) .
sequential thallium-201 imaging performed later during
follow-up better identifies high and low risk patients for
symptomatic restenosis, and this predictive value seems to
be more accurate between 3 and 6 months after angioplasty
.
These data are consistent with other studies (2,31) that
demonstrated that the incidence of angiographic restenosis is
a progressive and time related phenomenon evolving during
the first months after angioplasty . This phenomenon be-
comes significant in terms of diameter stenosis after the 3rd
or the 4th month, depending on the criteria used
. Accord-
ingly, noninvasive tests performed during the first 3 months
after angioplasty can be considered as "predictive" tests .
although any test performed after the 3rd month must be
considered as a "detective" te .x . Indeed, some degree of
restenosis is likely to be already present at that time .
Combined procedural and follow-up variables . In this
study we associated in a stepwise logistic regression analysis
not only multiple clinical, anatomic and technical variables
recorded at the time of the procedure, but also variables
related to exercise thallium-201 scintigraphy performed dur-
ing a 6 month follow-up after complete revascularization by
angioplasty . This analysis of preangioplasty, angioplasty and
postangioplasty variables has not been previously reported .
The aim of this ccmbined analysis was not to predict better
or earlier the recurrence of symptoms but rather to provide
better detection and identification of patients with significant
restenosis who require repeat angiography and angioplasty .
Our results confirm the results of other studies (9-10,13-
15) that demonstrate that the two most powerful factors for
increased risk of restenosis are the recurrence of angina after
an asyraptomatic period and abnormal findings on thallium-
201 scintigraphy at follow-up evaluation
. This finding is
consistent with the fact that in all our patients angioplasty
led to complete revascularization with an immediate residual
stenosis diameter <50% in every coronary segment in which
dilation was attempted . A more surprising, but interesting,
finding of our study is that an anatomic or predictive
variable-the absolute postangioplasty stenosis diameter
measured at the end of the procedure-provides indepen-
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dent information for restenosis . Furthermore, this predictive
value is nearly equal to the value of an abnormal finding on
thallium-201 scintigraphy and more predictive than the ex-
ercise ST segment depression that appears as the fourth
factor independently related to increased risk of restenosis .
This procedural variable appears in our experience as a
major predictive variable for restenosis that confirms the
close and already suggested relation between immediate
anatomic and hemodynamic result and the restenosis phe-
nomenon.
Conclusions . For detecting restenosis in the first months
after successful angioplasty, a diagnostic strategy that incor-
porates probability analysis provides the physician with a
very useful clinical tool . The variables to be included in this
analysis, one procedure-related and three follow-up exercise
variables, need not be obtained by sophisticated systems of
analysis and therefore can he used in the majority of com-
munity hospitals
. About one third of the patients were
stratified in an intermediate risk group . In these patients
recurrent angina was predictive of restenosis and we suggest
that repeat angiography should be recommended in sympto-
matic patients . This approach offers a good balance among
diagnostic accuracy, patient comfort and safety and . finally,
limited financial cost .
References
I . Leimgmbcr PP. Roubin GS. Hollmon 1, et a1. Reslerosis after successful
coronary angioplasty in patients with single vessel disease . Circulation
1986 :73 .4:710-7.
2 . Sermys PW . Luijlen K . Bean KJ . et al. Incidence of restenosis ,An,
successful coronary angioplasty : a time-related phenomenon . A quanti-
tative angiographic study in 342 consecutive polienls at I, 2, 3 and 4
months. Circulalion 198U7 .1361-71
.
3 . Val PG, Buurassa MG, David PR . et al . Restenosis after successful
percutoneous tmosluminal coronary angioplasty : the Montreal Heart
Institute experience. Am 3 Cordial 1917 ;60(suppl B) :508-5n.
4
. Blackshear 3L
. O'Callaghan WC. CuliR RM . Medical approaches to
prevention of restenosis after coronary angioplasty . J Am Coll Cordial
1917 :9 :834-41,
5. McBride W, large RA, Hillis LD. Restenosis after
.successful coronary
angioplasty : pathophysiology and prevenlian. N
Engl I Mud 1988;318 :
1734-6.
6. Hang- 1M, Reinert S, Most AS, Williams DO
. Prediction of tang-tema
clinical ormome with hall tmnslesional pressure gradient during coronary
angioplasty . Circulation 1916 ;74,3 :563-6.
7. Leimgmber PP. Roubin G5, Anderson HV, et al . Innucnce of intimal
dissection on restenosis after successful coronary angioplasty . Circula-
tion 1985 :72:530-5 .
8 . Scholl JM. Chaitman BR
. David PR, et al . : Exercise electrocardiogrephy
end myocardial scinligraphy in the serial evaluation of the results of
percumneous tmnsluminat coronary angioplasty
. Circulation 1982:66 :
310-90.
9 . WijnsW .SerruysPW,RcibcviH .elal.Early detectionafresternrrsafter
essful pcrcutaneous tramluminal coronary angioplasty by erreurse-
rcdistribution thallium scinligmphy . Am 1 Candid 198555
:357-61 .
10 . Macnari DE . Knudtson M. Klaiber R. Roth D . Sequential thallium-201
myacardial perfusion studies after successful percntaneous tmnsluminal
1140
	
R- KIM FT Al . .
CORONARY Rr.STRNDuIS AFTER ANGIOPLASTV
ovary ang:aplany: delayed raoluyun 91 eaero ;uc-icdcaea a:infi-
graphk aanermslines- Ctrcuinlien 1988:77 :86-95.
11. Miller DD. Liu P- Stleoss HW Black PC. Okuda RD. Butcher C.A .
lbogoi of cempvter-quarnitalej raerrise thallium imaging early
after perewanrous tranolumioal coronary angiop6cty .I Am Call Cenliol
1987:10275-83 .
12. Hime1110
.NeuschK,GmenlcgAR,LeulolfUM
.Shon-and tang term
ehalIges to myocardial perfusion after percnlaneavc tnn,ol nind eoro-
nary angioplasty assessed by thallium-201 egereoe scinligraphy . Circela-
tion 1981 :63 :1001-7 .
13. Breishlatt WM. Weirad H,, Spaxavento LJ . St- thalliumd1111mag-
ing after coronary angioplasty predtets realenods and meurrenl symp
tams . I Am Call Card,.[ 1988;12 :1119-204.
14. EePacy EG, Rrnrbin GS, Clani9er KG, Bergen H1, Douglas 18 Jr . King
SB III . Correlation of percutaneous tranaluminal eomnary a,g'aplasly
parameters and quantitative thallium
.201 tamogmphy . J lea Car 1988 :1 :
40-9
.
15 . StuckeyTD. Burwell LR, Nygaard TW . Gibsan RS, Walson DD. Beller
GA. Quantitative exercise thallium-201 scintigraplly for predicting angina
recurrence after peremzneous tralsluminal coronary angiopksry . Are 1
Cordial 1989 .63 :517-21 .
16 . DePuey Ea, Lcalaermaa LL, La-ca- RD, er a1. Re--, after
tranduminal aorunary angioplasty detected with ererine-ga1M
radian.-
elide venarwdagraphy
. 1 Am Coll Cordial 1914:4:11W-IS .
17
. betray KP, Cohea M, Blank: H, Phillips RA. Lnangea in c01.Ural
channel Filing after conlrofied eomnary R-,er
y ocdaAoe by an ango-
plasly balloon in human nubjeds . J a.nr Coll Cardiol 1985 .5:587-92 .
18 . GruentzigAR,SenningAK.SiegenfhalerWE,Nonopemtiredilatalionof
eomnary artery st,,^.asis : percnlanemls trneslcmllW ro'onary angio-
plasly . N Erg! 3 Med 1979 :301 :61-8.
19 . Se-is PW, Briber 1H, Wijns W, et al
. Assessmem at
parent-
Imnduminal coronary mlgioplastyhy quantitative coronary angielenphy :
diemrler versusdensitomcvic area mccauramcms . Awl Cardiol 1944 ;54 :
482-R .
20
. Melin JA, Piret Ii, Vanbutsele R.J . et al . D81netlc eater of exercise
clectrocardiogrephy and thallium myocardial scintiglaphy in patients
with,,!
. previous myocardial infarction : a Bayesian approach. Circulation
19A1,63:11119-24.
JACC Vol . 1 6. Nn . A
Navcmncr 15 . 1990.1333-d0
2l. Mcfio IA, Wljnc W, Vanbmsele RJ, el af, Ahemarivediagnoslc
riMr -au- nnery drsease in women: demonstration of the heetulness
and elfcinoon of pmbahilily analysts . Circulalian 1985:71=53 .5-42.
22. Vandarmnel MG . Deligonul U, Kern Ml, el al . Mullilecan coronary
angioplasty : clinical and aa,,ingrephic folluw .up. 1 An, Call Cordial
1967 :10 :246-52 .
21
. lambert M, Bonn R, Cole G. el al . Early results, complcalions and
restenosis rates after mulllleslon and multivessel pemovelm ous Imnslum-
ieel eomnary arlgioplasey . Am 3 Cardiol 1987 ;60 :788-91 .
14. Hanzler GO, Rulherford RD, MoConahay DR, et al . Percutaneous
transluminal coronary an8,aplasty with and •w ilhaul thramboi34ie Iherapy
for trenimenl of acute myocardial infarction, Am Heart 11983 :1f16:965-
71.
25. lapel Ed, Califf RM, George BS, et al. A randomized vial of immediate
versus delayed dcctivo angiaplasty after inlravenous liasur piasminogen
activator in acute myocardial infarction . N Engl I bird 1987:317681-B.
26. Bouranea MC, Alderman EL . Benrand M . car al. Ill of the Joint
ISFCIWHO Task Force on coronary angioplasly. Circaladan 1984:78:
780-9 .
27. SuhwafluL,BourasscMG,LesperanceJ,elal
.Aapirinunddipyndamale
in the prey elion of rzstnecern after parculananus tmndusnmal eomnary
angloplasly, N Engl 1 Med 1988 ;318 :1714-9.
28. Carson T. David PR. Val PG, et al . Failure of dittiazem to prevent
restennnis after pcreutaneous transluminal coronary angioplasty, Am
Hean 1 1985:109:926-JI,
29, Tiomlon MA, Gmenleig AR, Hollman J, King $B, Douglas JS. Coama-
din and napiria in prevention of
reounency after lransluminal coronary
anaiuplnsly : a nandomlad study
. Circulation 1984:69 :721-7
.
70 . Renbin 1. Call. Robert A. Bachy l, Wija W . Alrsolnle rAamelernf the
dilated segment: the mast powerful predictor of rest-is after coronary
Initial (absir) . Cimdatian 1987;76 (suppl . IV) :IV-972
31. Mobuyoshi M, Kimono T, Noraka H, el al . Reeterlpsis anet sucuessfal
percurancaus Iransluminal coronary arigi pla ty : serial angiegraphiu fal-
low-'P of 229 patients, I Am Call Co dial 1988
;12;616-23
.
